Abstract. The paper presents the vibration response investigation of glass fibre/epoxy composite plates of different volume fractions. The different in composition of glass fibre is expected to yield different response hence can be used to determine the properties of the material. The laminate samples were prepared by compressed moulding process at volume fractions of 35%, 40%, 45% and 50% with 5mm thickness. Vibration signals at different volume fractions were then measured and the natural frequencies and damping factor were obtained. Feature extraction algorithms with respect to time and frequency domain were developed by means of signal processing methods to classify the signals according to the property of the materials. That indicates the vibration signals obtained shows potential to be used as non-destructive means for detecting the laminates composition.
Introduction
Generally, composite materials interact with the environments in which they are used. Composite materials are extensively used for different types of structures because of their lower weight to volume ratio when compared to conventional materials [1] . The response of composite materials under dynamic loading has received much attention recently. Application of the materials can be found both in the transportation industry and in military structures. However, in dynamic situations their behavior is very complex due to a large number of factors that govern their response. These factors include impact velocity, specimen geometry, impactor size, clamping mode, matrix properties and reinforcement geometry [2] . Composite structures are vulnerable to impact, which limits the applicability of composites to dynamic structures [3] . The impact absorption capability of composite materials is dependent upon the interfacial strength between fiber and matrix. Also the mechanical behavior including impact behavior of composites is much dependent on the fiber volume fraction. The effect of fiber volume fraction on the impact performance of glass fiber reinforced polymer (GFRP) was studied by various investigations with contradictory results [2] . It was found that, an increase in the fibre content result in increasing of impact resistance [4] [5] [6] . Meanwhile, Asad A.Khalid has found opposite trend which is the impact energy decreases with the increase in volume fraction [3] . Both of the researcher used Charpy test method. In the following, the equipment used and the methodology of impact hammer testing will be presented. The main objectives of this research are: determination of natural frequencies and corresponding damping coefficients in case of a rectangular plate made of glass/fiber composite material.
Methodology
Firstly, the glass fibre/epoxy laminated composite plates having 5mm in thickness were manufactured by using a conventional compressed moulding machine. The composite plates were fabricated at various volume fractions by compressed moulding techniques. Volume fractions with mass used in this work are 50% (746g), 45% (632g), 40% (657g) and 35% (588g). In this study, the prepared samples were cut so as its final dimensions were 25.4 x 25.4 mm². Firstly, the experimental plates will be divided into three numbers of cells square (close and farthest away from the hitting point and in between). The nodes point were marked with a1 (cell1), b1 (cell2) and c1 (cell3) as shown in figure 1(a) and an impact hammer was used to hit the centre part of the plate producing vibrations throughout the plate's surface. The vibrations of the composite plate was acquired by using three different accelerometers aligned in 45° to the x-axis from the hitting point (Fig.1b) It is assumed that the weight of the accelerometers used not affecting natural frequencies extracted from experimental tests. A simple experimental setup framework is designed to hold the steel plate in a free-free condition. Past researchers used [7, 8] different kind of supports to simulate the free boundary condition: elastically supported for entire surface; suspended plate; sponge supports located at the corners of the plate or located along the edges etc. In this work, sponges supported were used due to its case of implementation and execution of vibration signal. The types of sponges used must be less bouncing since it will cause lot of noise. The nail was used as illustrated in Figure  2 helps to minimised the contact area between the plates. The rubber mat helps to absorb the vibration signal so that the signal will not rebounce onto the plate and hence cause bad vibration signal. 
Results and discussions
Using LMS Scada, the first results obtained refer to signals recorded by accelerometers as function of time as shown in Figure 3 . It is a known fact that the dynamical behaviour of the composite plate is governed by the damped harmonic motion [7, 8] . The plot shows the amplitude versus frequency, first peaks represent the values of natural frequency. The signals acquired by the accelerometers were displayed on the monitor with the frequency response function. The saved data then subjected to modal analysis and then applying the FFT, the values of the natural frequencies and corresponding damping factor were obtained as shown in Figure 4 and the result tabulated in Table  1 . Figure 5 graphically shows the response of the damping factor with respect to the natural frequencies of the glass fibre/epoxy laminates at different volume fraction. Table 1 , it could be clearly seen that 50% volume fraction exhibit the highest fundamental frequency followed by 40%, 45%, and 35% under vibration of impulse. The results of all the plates with different volume fractions clearly showed in Figure 5 . The most significant damping was observed for the plate with 50% volume fraction that is the plate of the highest internal damping. The plate with 35% volume fraction were observed to have the smallest damping ratio which is obviously showed the big different with the other plates.
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Conclusion
As the conclusion, the frequencies of the plates with 50% and 40% volume fractions are approximately the same and also the damping values are remarkably higher compared to the others. The plates with 45% and 35% volume fraction have lower frequencies and the damping values are within the same range. Although all plates are glass fibre/epoxy laminated composite plates, they definitely show different damping characteristics: the damping value can be significantly larger or smaller, and linear or nonlinear damping is possible.
